Purpose To report the long-term management of a case of premature ovarian insufficiency of unknown origin in a young woman with Crohn's disease. Method Here is reported the case of a 20 years old woman with Cronh's disease presenting with two years amenorrhea and FSH and LH levels of 255 mIU/ml and 182 mIU/ml respectively, who received 10 months corticosteroid treatment followed by 7 years of estro-progestin treatment.
The physical examination revealed normal secondary sexual characteristics, blood pressure (110/75 mmHg) and body mass index (21 kg/cm 2 ). Pelvic ultrasound showed small ovaries (18×11 mm) with a 2 cm simple ovarian cyst in the right gonad, and thin endometrium. Immunological screening revealed undetectable antiovarian and antiadrenal autoantibodies. As agreed to the gastroenterologist, the patient started a treatment with oral prednisone (Deltacortene, Bruno Farmaceutici -Italy), 25 mg daily.
On the second examination (Oct 2003) the patient showed hypertricosis (score Ferriman Gallwey 8) and mild weight gain. Endocrine testing revealed FSH 200 mIU/ml, LH 103 mIU/ml, estradiol 44 pg/ml, while immunological screening revealed undetectable anti-smooth muscle antibodies, anti-mitochondrial antibodies, liver-kidney microsomal antibodies, anti-nuclear antibodies, anti-DNA antibodies and anti-parietal cell antibodies. Pelvic ultrasound showed small ovaries (21×11 mm), simple ovarian cyst 2 cm, 6 mm endometrium.
The patient continued the treatment and 3 months later (Jan 2004) returned to our center with a colonoscopy report showing remission of the Crohn's disease. Pelvic ultrasound showed a follicle of 16 mm in diameter and a simple ovarian cyst 2,5 cm, however progesterone challenge test failed to induce a menstrual bleeding. FSH and LH serum levels were unmodified.
Due to treatment failure, prednisone was suspended, while estro-progestin treatment containing 0,075 mg gestodene plus 0,03 mg ethinyl estradiol (Ginoden, Bayer Italy) was started. The patient was instructed to stop treatment 2 months before undergoing the scheduled blood samples for routine hormonal assay.
Nine months later (Oct 2004) patient's FSH and LH serum levels dropped to 68 mIU/ml and 38 mIU/ml respectively, while estradiol raised to 42 pg/ml. Inhibin B level was 51 pg/ml. The next two examinations, performed eight (Jun 2005) and 16 months (Feb 2006) later respectively, revealed a further reduction in FSH and LH serum levels (37.4 mIU/ml and 5.5 mIU/ml and 10.7 mIu/ml and 1,1 mIU/ml respectively). Despite this reduction in gonadotropin level, pelvic ultrasound still revealed small ovaries (sin 17×11, dx 23×11) with simple ovarian cyst of 18 mm in diameter in the right gonad, as well as small uterus.
FSH and LH levels, as well as ovarian volume, remained unchanged in the following 17 months (see Table 1 ). On February 2008 the patient reported spontaneous menstrual bleeding after 2 months of estro-progestin withdrawn. FSH and LH serum levels were unmodified (14.4 mIU/ml and 3.8 mIU/ml respectively), however pelvic ultrasound showed increased ovarian and uterine volume compared to the previous controls (right ovary 23,5×15 mm, left 33,7× 19 mm, uterus 75,8×25,6×45,6 mm, endometrial thickness 3 mm) with a follicle of 14,9 mm in diameter in the right ovary and multiple follicles in the left ovary.
Starting from this period, routine examination was performed yearly in compliance with patient's desire. The patient still reported spontaneous menstrual bleeding in the medication-free period. A reduction in FSH and LH level was observed in October 2010, when patient's FSH serum level was 3 mIU/ml, LH was 5,5 mIU/ml, estradiol was 45 pg/ml. In the same period anti-mullerian hormone (AMH) serum level assay was made available in the local laboratory, resulting in 4,2 ng/ml (normal range 0.14-5,5 ng/ml). Transvaginal ultrasound showed a dominant follicle in the right ovary, 14 mm in diameter. The last examination, performed in October 2011, confirmed the previous findings.
An overview of patient's parameters during the 11 years follow-up is showed in Table 1 ; FSH and LH serum levels behavior in response to treatment is shown in Fig. 1 .
Up till now the patient is still unmarried and isn't seeking pregnancy, however she is planning to get married and have a baby in the next 2 years.
Discussion
Resumption of ovarian function in women with premature ovarian insufficiency is not a rare event. Overall, POI patients appear to have an approximately 5 to 10 % chance of conceiving after receiving their diagnosis [20] . This resumption may be either spontaneous or as a consequence of a corticosteroid or estrogen treatment.
We are presenting the case of a young women with premature ovarian failure of unknown origin, who did not respond to corticosteroid treatment but obtained the resumption of her ovarian function after 4 years of estro-progestin spontaneous menarche at the age of 13 and had regular menses until the age of 18. At that time she first developed symptoms of Crohn's disease (abdominal pain, weight loss and debilitating fatigue) together with amenorrhea, therefore she was placed on azathioprine treatment with moderate improvement of her disease symptoms, although with episodic recrudescence of the disease. Due to the persistence of amenorrhea, the patient was admitted to an endocrinology clinic in order to undergo basal and dynamic endocrine testing. Basal endocrine testing revealed highly elevated FSH and LH serum levels (255 mIU/ml and 182 mIU/ml respectively) and low estradiol serum level (21 pg/ml), while thyroid and adrenal function was normal, the latter being evaluated by basal and ACTH-stimulated steroids measurement. Endoscopy revealed a mild atrophic gastritis together with pancolitis. Diagnosis of premature ovarian insufficiency (POI) was made, an hormone replacement therapy was prescribed in order to avoid menopausal symptoms, but no hope of future motherhood was given.
The patient did not accept this conclusion and, after having uselessly consulted other specialists, came to our attention.
treatment. To the best of our knowledge the uniqueness of this case pertains to the resumption of the ovarian failure despite the initial very high gonadotropin serum levels, It has been observed, in fact, that POI-affected women with FSH below 50 mIU/ml have a better prognosis in terms of ovarian resumption compared to those with higher levels [5] The initial high gonadotropin serum levels found in our patient may seem surprising, however the patient's young age at disease onset may account for this. Indeed, we would not expect to find gonadotropin serum levels comparable to those seen in older menopausal women, due to several reasons. It has been demonstrated that, as aging progresses, gonadotropin levels decrease, as do gonadotropin pulse frequency and amplitude. As a matter of fact, early postmenopausal women (45-55 years) have significantly higher gonadotropin levels compared to late postmenopausal women (70-80 years) [22] . Moreover, there is also evidence that GnRH neurons undergo age-related impairment in terms of biosynthesis, processing, and release of the GnRH decapeptide before reproductive failure, suggesting a contributory role of GnRH cells to reproductive failure itself [23] . Therefore, differently to what happen in older women, our patient GnRH neurons could have produced a powerful and supraphysiological response to the estrogen deprivation as well as to the presumable fall in inhibin B level, similarly to what has been found to happen in ovariectomized mice, where GnRH pulsatility is increased toward saturation after ovariectomy [8] .
Also the long-time of estro-progestin treatment required to achieve the resumption of ovarian function contributes to the singularity of this case. Two years of estro-progestin treatment were necessary to bring gonadotropin serum levels in the normal range (Fig. 1) , but the ovarian responsiveness, as expressed by normal ovarian volume and by ovulatory follicles at ultrasound, as well as by the re-establishment of regular menses after estro-progestin discontinuation, was achieved after 4 years of treatment. In most reported cases the ovulatory response occurs after 2 to 8 months course of estro-progestin therapy [1, 17] , though 2 years of treatment have been found to be necessary in one case [18] . Indeed, follicle-like structures were demonstrated by ultrasound in earlier follow-up visits (see Table 1 ), but they weren't likely to demonstrate a functional ovarian activity. As a matter of fact, pelvic ultrasound may show ovarian follicle-like structures in 41 % of POI patients, but these follicles doesn't appear to function normally, due to poor correlation between their diameter size and estradiol serum level [20] .
An explanation for the delayed ovarian response to treatment may be hypothesized. It is presumed that chronically elevated gonadotropins levels result in receptor downregulation or desensitization. Suppression of the elevated endogenous gonadotropins using estro-progestins have been found to restore ovarian responsiveness in selected patients with POI [10, 14, 24] , as estrogens may enhance the stimulatory effect of FSH on granulosa-cell FSH receptors as well as FSH binding to its receptors [19] . The down-regulating effect of estro-progestin treatment on ovarian FSH receptor has been found to be time-dependent and dose-dipendent in mice [16] , therefore a prolonged estro-progestin treatment could be necessary in case of severe ovarian receptor down-regulation.
In addition, ovariectomy in rats has been associated with alterations in gonadotroph morphology in terms of hypertrophy that may be reversed by estradiol treatment, particularly in young rats [23] . It could be hypothesized that a long-time estro-progestin treatment was required to induce gonadotroph shrinkage in our patient, as well as to restore her pituitary and hypothalamus sensitivity to sex steroids. It has been demonstrated, indeed, that the activation of pituitary estrogen receptor is able to restore all pituitary reproductive functions in young ovariectomized rats [12] .
We are unable to demonstrate the exact etiopathogenesis of POI in our patient. An autoimmune origin of the premature ovarian failure was first suspected, due to the contemporary presentation of amenorrhea and Crohn's disease symptoms, the latter having been described in association with POI [11] . In light of this hypothesis we decided to start a corticosteroid treatment, however this strategy did not affect FSH, LH, estradiol level as well as ovarian volume and architecture in a 10 months follow-up period. On average, a two-three months period of corticosteroid treatment has been found to be sufficient to resume the ovarian function in selected POI patients (Forges 2; [2, 3, 6]) although in rare cases it had to be prolonged for up to 1 year [9] . A possible role of inactivating FSH receptor mutation in the etiopathogenesis of POI in our patient may be hypothesized, as it has been demonstrated that, similarly to what has been found in our patient, affected women show normal or low normal AMH level [13] ; yet, normal AMH levels have been detected also in women with POI due to steroidogenic cell autoimmunity [15] .
Our patient is unmarried, however she is planning to get married and have a baby in the next 2 years. We cannot speculate about her fertility potential, however her FSH and AMH level seem permissive for an ovarian stimulation trial.
In conclusion, we have reported a case of a women with POI of unknown origin who had her ovarian function restored after 4 years of estro-progestin treatment following a unsuccessful corticosteroid treatment. We think that this case report may suggest, together with previous demonstrations [18] , that estro-progestin treatment might be proven in POI women, even in cases with highly elevated gonadotropin serum levels, before telling them that they are definitely sterile.
